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Figure S1 TEM micrographs of the 3.5 nm PbS CQDs treated with TMAF (A), TBACl (B), TBABr (C) and TBAI (D). The scale bar is 100 nm. Insets: Fourier-transformed TEM images of single domains
with 500 µm -1 scale bar.
Figure S2 Electron diffraction of the PbS CQDs treated with TBAI (A) and TMAF (C). Radial distribution of the electron diffraction pattern intensity across the diffraction ring for the PbS-TBAI sample (B).
PbS CQDs have a cubic rock salt structure. The electron diffraction pattern of the TBAI-treated PbS CQDs ( Figure S2A ) display features that are assigned to the 200 and 220 atomic planes, indicating a preferential orientation relative to the substrate. Figure S2B shows a profile plot of the intensities around the diffraction circles for the same sample. The angle between the <200> and <220> directions is close to 45 o , which is consistent with the rock salt structure; the presence of peaks superimposed on S-3 a circular pattern suggests in-plane disorder with a preferential common orientation of the individual CQDs. Epitaxial necking has been shown to cause such alignment. 1 The diffraction pattern measured for the fluoride-treated sample are shown in Figure S2C ; the assignment shows the absence of a preferential out-of-plane orientation, and the complete circular patterns shows the lack of in-plane supercrystalline order on the atomic scale. 
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The quantification of the amount of light atoms such as fluorine is a challenging task with standard techniques as EDX or XPS. Our samples contain lead and sulfur and are processed from solution with many chemical treatments. Therefore, the samples also display typically carbon and oxygen as contaminants and may not be giving clean and easy to interpret data in particular when an extremely surface sensitive technique as XPS is used. Hence we only report qualitative EDX data. 
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